Objectives-To investigate the hypothesis that hydrocarbon exposure is a risk factor for chronic pancreatitis. Methods-102 cases of chronic pancreatitis and 204 age and sex matched referents were interviewed about their occupational histories, alcohol and cigarette consumption, and diet. Exposure to hydrocarbons was inferred from interview responses by four assessors who were blind to disease state, and these data were then summarised by a cumulative hydrocarbon exposure (CHE) score. 
As a consequence of these findings, the present study was set up in 1988 to test the hypothesis that exposure to occupational hydrocarbons is a risk factor for chronic pancreatitis. Since chronic pancreatitis is a rare disease (with an annual incidence of between 1 and 10/100 000 in European countries6) the case-referent method was considered appropriate. At that time alcohol was accepted as a major risk factor for chronic pancreatitis,68 cigarette smoking was suspected of being independently associated, and there was some evidence that low levels of dietary antioxidants may play a part.9 10 Information on these potential confounders was therefore sought as well as occupational exposure.
Patients and methods

IDENTIFICATION OF CASES
Potential cases of chronic pancreatitis were identified retrospectively in three steps (fig).
Firstly, the Komer episode system, which records details of all hospital inpatient episodes in England and Wales, was used to identify all inpatients in seven health districts in Greater Manchester (hereafter referred to as the study area), who were discharged alive to an address in the study area during the five year period, 1 April 1985 to 31 March 1990, and whose stay in hospital was given any ICD 577 code (diseases of the pancreas).
In the second step, the hospital notes of these patients were inspected for evidence that the standard diagnostic criteria for chronic pancreatitis had been fulfilled.7 These are: either typical histological changes, pancreatic calculi, advanced change pancreatitis by endoscopic pancreatography, or unequivocally reduced exocrine secretary capacity ( environment-for example, domestic exposure, hobbies-was also collected, but as the intensity was never more than the equivalent of low occupational exposures, it was not considered further.
ASSESSMENT OF POTENTIAL CONFOUNDERS
At interview, subjects were questioned about alcohol, cigarettes, and dietary intake, both at the time of interview and two years before the estimated time of first symptoms. Questions about current consumption of alcohol and cigarettes were based on those used in the United Kingdom Government General Household Survey.11 A weekly food frequency questionnaire derived from previous work was also completed.910 To measure presymptom intakes of all variables, subjects were first questioned about present consumption and then asked how their consumption x years ago differed (where x for each case and the two matching referents was two years earlier than the dates of onset of symptoms in the case).
Only presymptom intakes are used in this study.
For the main analysis, weekly alcohol consumption was expressed as a multiple of the recommended safe upper limits for men (21 standard units) and women (14 standard units).'2 Cigarette consumption before symptoms was classified as "ever" or "never". The dietician, who was unaware of subjects' disease state, derived dietary intakes of antioxidants from questionnaire responses. These data were then expressed as percentages of recommended daily intakes.
To assess social class, all job titles were coded to the Office of Population Censuses and Surveys 1990 standard occupational classification'3 from which the United Kingdom standard social class groups (I: professional to V: unskilled) were derived. Where a subject held jobs with different social classifications, he or she was allocated to the class in which they spent most time. Three groups were formed for the main analysis: social classes I + II, III, and IV + V. A second measure of class was based on age at which full time education ended: at the minimum school leaving age, up to two years after the minimum, and later. 
Results
ASCERTAINMENT OF CASES AND REFERENTS
The Korner episode system search yielded 1482 hospital case notes of which 296 had been coded as ICD 577 1 (chronic pancreatitis). On inspection, only 72 of these satisfied all the criteria, which gave 62 patients after elimination of duplications (fig). A review of notes with other ICD 577 codes yielded a further 66 eligible notes, corresponding to 47 patients. Of the total of 109 patients thus identified, four had died before the study started, one declined to take part, and two could not be contacted, leaving 102 cases.
Two hundred and four people were initially chosen from Family Health Services Authority files to serve as referents, but only 129 (63%) of these were included in the study. The main reasons for non-participation were: general practitioner refused permission (7 4%), subject refused (16-7%), and no response from subject (11-8%). Where nonresponse could be investigated-that is, in all districts except that where the Family Health Services Authority made the initial contactthe overwhelming reason was that the subject no longer lived at the address held by the Family Health Services Authority or general practitioner. To replace the 75 refusals and non-responders, a further 110 names had to be found from Family Health Services Authority lists, giving a total of 314 names.
The median age of cases at the time of diagnosis was 44 years (range 19-81) and 77 (75%) of them were men. Seventy per cent had a presymptom weekly alcohol intake above the safe level compared with 45% among referents (table 1). Cases left school at an earlier age than referents and were more likely to belong to social class IV or V; a larger proportion of them had a diet that was deficient in ascorbic acid or selenium and they were more likely to have smoked. Table 4 shows the associations between risk of chronic pancreatitis and the four chemical High* Adjustments and exclusions as explained in table .. groups for each of which there were at least 20 exposed subjects. The ORs are adjusted for alcohol, smoking, dietary and social class variables as before, but not other occupational exposures. Because of the small number of people with scores >10, a cut off point of 5 was used to define high exposure for these variables. Although there is a suggestion of a relation between paint solvents and risk in the crude data, this disappears after adjustment for confounding. The adjusted OR for diesel exhaust exposure is significant at the 5% level, OR = 2-66, (90% CI: 1-05-6&73), and there is some suggestion of a dose-response relation. The ORs for paraffin, kerosine, petrol, or diesel (1-82), and for chlorinated solvents (1 -49) are not significantly increased. Discussion A positive association has been found between a high (> 10) CHE score and risk of chronic pancreatitis. Aspects of the study methodology that might be judged logically to have contributed to a false positive association, and the implications of the results, are considered separately.
OCCUPATIONAL EXPOSURES
METHODOLOGY
Undoubtedly some cases of chronic pancreatitis in the study area have been omitted because the required diagnostic procedures were not carried out, but as these exclusions were not related to exposure, this is not a source of bias. Similarly, the restriction to cases still alive at the time of the study is unimportant unless exposure is related to survival.
Ideally, the referents should have been chosen from those people resident in the study area at the time of diagnosis of the cases (1 April 1983 to 31 March 1990). It was not possible to sample this population retrospectively; instead referents were chosen from residents at the time of the study. This could lead to bias if the exposure profile of the population has changed over time. Information on the previous residence of all study subjects was available and showed that six referents had lived outside the study area at the time of diagnosis of their matching case. A reanalysis omitting these six gave very similar results (OR for high CHE score = 2 59).
The response rate (63%) among the 204 people originally chosen as referents was somewhat low, and non-participants were replaced. This could lead to a false positive result if participating referents had less exposure than non-participants. This could occur if, for example, participation was related to social class. As almost the entire population is registered with a Family Health Services Authorities in England and Wales, the social class of referents should be broadly similar to that of the entire population of the study area.
To check this, a comparison of the social classes of the referents with those of age, sex, and area specific figures from the 1981 census of Great Britain'5 was carried out; this showed that the referents in the study were slightly more likely to belong to the manual classes (62% v 57%). Thus it seems unlikely that population exposure has been underestimated in this referent group.
Estimation of past exposure to hydrocarbons was carried out in three stages: interview, assessment of interview material by a panel, and construction of an exposure score from these assessments. Some misclassification with respect to exposure is inevitable when it is assessed retrospectively, but provided this operates equally in both case and referent groups, it should not produce false positive associations.'4 Study subjects were not told of the study hypothesis, but as the interviewer was aware of the group to which subjects belonged, the possibility of information bias must be acknowledged. The translation of job descriptions into exposures, however, was done by a team who were unaware whether the subject was a case or a referent. Also reassuring was the interviewer's opinion, on completion of all interviews, that the job profiles of cases and referents seemed to be similar.
The CHE measure of exposure used here was just one of several possible approaches to summarising the exposure data but, importantly, it was the one chosen in advance. In retrospect, this method of classifying jobs as "exposed" might be said to have erred on the side of sensitivity at the expense of specificity: to receive a score > 0, only two of the four assessors needed to rate the job as exposed. In fact, had a stricter criterion-that three of the four were needed-been used, the strength of the association with risk would have increased. (Adjusted ORs for low CHE scores would then be 1-32 (90% CI: 0-62-2 80) and for high scores 3 17 (90% CI: 1-41-7 13)).
Furthermore, the CHE measure followed a "broad-brush" approach in terms of (a) the timing of exposure ("ever" before diagnosis); (b) assumptions about the respective effects of intensity and duration of exposure, and (c) type of hydrocarbons (any of the groups in table 2). This approach seems warranted in the absence of a more specific hypothesis. Retrospective analyses to clarify the roles of intensity, duration, and timing in relation to disease presentation -were carried out and, although inconclusive,-were consistent with the view that exposure had a cumulative effect.
To allow for confounding, the interview schedule included questions on all known or postulated risk factors for chronic pancreatitis, and these were included as covariates in a regression model. In general, adjustment for confounding effects by statistical analysis does not remove the problem in its entirety, as error in the measurement of confounders results in residual confounding after adjustment. 16 In fact, after adjustment for other variables the relations between social class and chronic pancreatitis, and smoking and chronic pancreatitis were not significant. In this study, a relation between chronic pancreatitis and antioxidant intake was found. Consideration of this and the interactions between antioxidant intake and occupational exposures in determining risk of chronic pancreatitis will be examined elsewhere.
Chronic pancreatitis is a rare disease but a disabling one; if occupational exposure to organic chemicals is indeed a risk factor, as suggested by our study, then identification of the most heavily implicated chemicals, and reduction of these exposures, must be a priority. If further studies are set up to confirm (or refute) the main results here, then it would be desirable to put particular emphasis on the valid differentiation between different types of chemicals containing hydrocarbons.
